Abstract: This paper presents the modeling and numerical results of the behavior of a vibro-impact system. The model consists in a two degree of freedom vibrating system excited by a harmonic force. Although this system has simple structure, the dynamics of the system is very complex. This vibro-impact system presents periodic and chaotic motion regimes. The paper shows an analysis of energy transfer phenomenon of the system and the influence of system parameters on the response was analyzed by time histories, phase planes, frequency responses, Poincaré map and the bifurcation diagram.
INTRODUCTION
There are numerous sources of vibration in an industrial environment. The presence of vibration leads to undesirable effects such as structural or mechanical failure. Vibration sometimes must be eliminated. However, the machinery costs involved in eliminating the vibration may be too high. In some cases the excitation or shaking force is inherent of the machine. A relatively small excitation force can cause an undesirable large response near resonance, especially in lightly damped systems. In these systems the magnitude of the response can be significantly reduced by the use of isolator and auxiliary mass. In mechanical systems there are several situations where it is necessary to use the impact to create vibrations in certain parts of the system. According to Wiercigroch (2006) vibro-impact systems are inherently nonlinear and have been widely used in civil and mechanical engineering applications. As application examples we can mention the impact drills, hammers, drilling machines, vibrating tables, conveyors, mixers and an infinity of other examples in many different engineering systems. Pavlovskaia et al. (2001) , conducted studies on two degrees of freedom models, and although they look easy, the dynamics of this system is very complex, varying from different types of periodic to chaotic motion. The vibroimpact device studied was a forced vibration system of two degrees of freedom, composed of two different masses, coupled by an elastic element. The smaller mass block was excited by a harmonic force. The impact occurs when the blocks go through a relative distance greater than the gap between them. Ho et al. (2010) conducted studies on nonlinear mechanical systems with impacts representing the dynamics of a mechanical drilling penetration. The present work aims to investigate the behavior of a vibro-impact system. For this, it presents the modeling and analysis of the system behavior by the time series, bifurcation diagram , phase portraits, frequency responses and energy transfer. 
VIBRO-IMPACT SYSTEM MODEL

MATHEMATICAL MODEL
The system behaves periodically when there is no impact between the blocks, in other words the relative displacement between the blocks is smaller than the gap D, . The equation of motion without impact is shown in Equation (1): (1)
When the relative displacement between the blocks is bigger than the length D, , the impact occurs. Thus, the dynamics of the system acquire irregular motion feature (aperiodic). The equation of the motion with impact is represented by equation (2): (2) The harmonic force F(t) is represented by equation (3): (3) The spring force 1, F spr is represented by Equation (4): (4) The impact spring force, F stop is represented by Eq. (5):
The damper force, F damp is represented by Eq. (6):
This mathematical model is not valid when the block 1 position is larger than the block 2 position , in others words, the block 1 position can never go beyond the block 2 position , it is a kinematic compatibility condition. Otherwise the model is physically inconsistent.
METHODOLOGY
To make the numerical simulation of mathematical model was used the MATLAB (tm) application environment. The differential equations were solved by the fifth order Runge-Kutta method with variable integration step.
NUMERICAL SIMULATION
The second order differential equations (1) and (2) were transformed into first order differential equations (7) and (8), where X represents the displacement u and represents the velocity v. Equation (7) represents the system dynamics when there is no impact, in others words, . The state variables are: = Block 1 displacement; = Block 1 velocity; = Block 2 displacement; = Block 2 velocity;
Equation (8) represents the system dynamics when occurs the impact, in others words, :
NUMERICAL RESULTS TO A HARMONIC FORCED VIBRATION WITH IMPACTS
For comparison effect, some parameters like the masses m 1 and m 2 , the impact spring length G, the gap length D between the blocks and the impact spring were based on Ho et al (2010) . To check the blocks displacement was applied a harmonic force that has amplitude A and angular velocity ω. The numerical results are of a two degree of freedom forced vibration system with impact. So the Table (1) of parameters  and Table ( 2) of initial conditions are as follows: Figure 2 .a and 2.b block 1 undergoes a harmonic force F(t) action which starts the movement. The impact between the blocks makes the trajectory irregular. In this impact region there is a gap between the curves which is the exact impact spring length. Is possible to note that block 1and block 2 oscillates in the same frequency of the harmonic force, f = 0,1274Hz. The frequency spectrum is presented in Figure 8 .a and 8.b. In figure 8.b note that there is one well defined amplitude peak in the frequency f = 0,1274Hz. This frequency is related to the harmonic force, F(t), that the oscillation period is T = 7,84s and the angular velocity is ω = 0,82rad/s showed in figure 3 . 
CONCLUSIONS
This paper presented the mathematical modeling and numerical simulation of a Vibro-Impact System, presented important results in the nonlinear system characterizing. This is a discontinuous system and has two distinct dynamic behaviors. The dynamics can present or not the impact condition and thus the motion can vary between the periodic and chaotic regime showed in the bifurcation diagram. For future work we intend to present the modeling and performance analysis of the mechanical drilling penetration, according to the relationship among the blocks masses.
